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1. Project outcomes:
Proposed project goals:
1. To fabricate high capacity LIBs
2. To install automatic tracker on solar panel for maximal energy harvesting 3. To power
the street lamps on GSU campus using the energy stored in high capacity LIBs
Project actual outcomes:
1. System Design team has done all the reverse engineering and justifying parts.
2. Prototype of automatic tracker on solar panel for maximal energy harvesting has been
successfully designed by 16 undergraduate students from engineering department at
GSU.
3. We also have successfully designed a dual axis tracking system and PWM charger controller unit
to connect solar panel and lithium ion battery unit.
4. All parts were ordered to build a full-scale prototype street Light Unit on GSU Campus using
solar panel combined with a high capacity lithium ion battery for energy storage.
5. We demonstrated the smart solar tracker prototype for outreach, as well as presented a poster.
6. Recently, the prototype street lamp has been erected near the engineering building and is ready
to be finally tuned in August and September.
Challenges:
A: We are still waiting for some instruments to arrive to fabricate high capacity lithium ion batteries.
B: We are still working on the tuning of full scale street lamp prototype.
C: Since we didn’t put students’ salary in the proposal, the project is completely relying on
volunteering students if available.

2. Sustainability improvements:

The short term benefit for GSU campus is to save energy for powering street lamps, and
long term benefit is to arouse the importance of energy sustainability via the utilization of
advanced science and technologies.
The energy saved can be calculated using the following formula:
������������ ���� ������������ ���������� ��
���������� ���� ������������ �������� �� �������� =
������������ ����������=1x0.15kWx30,000 hrs=4,500 kWh totally saved.
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3. Outreach:
A: Sixteen engineering students have participated in the activity of Sustainability Showcase
4/12-4/22 and demonstrated the prototype of the self-powered street lamp project. B:
This project has been reported by George-Anne newspaper.
4. Budget report:
Item name Cost ($)
1 LED lamps 94
2 Charger 270
3 LIB 1119
4 Steel pole 270
5 Solar panel and controller 1425
6 Solar tracker 1420
7 Drill hole on pole 200
8 instrument to fabricate LIB 7589
9 Consumables to build LIB 552
Total 12939

Note: original budget is slightly changed because the solar tracker is much more
expensive than we thought. Accordingly, the budget for LIB instrument was reduced.

5. Student and community impact:
A: 16 engineering students from GSU have been involved in the design, fabrication and
tuning of the prototype self-powered street lamp project.

B: this project was used a research topic in the course entitled ‘Mechanical System Design’
taught by Dr. Brian Vlcek at Mechanical Engineering department. 16 students selected this
research topic.
6. Grant leverage:
Dr. Wu gave a presentation on the project during the 2015 research symposium day at
GSU.
[1]. Ji Wu*, et al., ‘High Capacity Lithium Ion Battery for Self-powered and Sustainable Street
Light Unit on GSU Campus’, 2015 Georgia Southern University Research Symposium, April
24, 2015. (Georgia Southern University, Poster Presentation)
3

Final report
7. Project abstract:
In this project, high capacity Lithium ion batteries (LIBs) are employed to build a Self-power
Sustainable Light Unit on the parking lots on GSU campus close to Engineering Building. A
prototype device has been installed and under tuning currently. The short term benefit of this
project for GSU campus is to save energy for powering street lamps, and long term benefit is to
arouse the importance of energy sustainability via the utilization of advanced science and
technologies.
Please choose one that fits the best! We deeply appreciate the volunteering hard work from
these GSU Engineering students!!
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8. Addendum:
8.1.Introduction:
The Solar Street Lamp system design project required a full system test to verify that the solar panels,

charge controller, lithium ion battery, and the LED lights are interacting and functioning properly. The
parameters being tested for are the battery voltage and the solar panel voltage. The battery voltage
describes the amount of discharge the battery is experiencing over the testing period. The expected
function is that the solar panels will charge the battery, through the charge controller, until the battery
meets its full capacity, or 13.4 volts. Once capacity is met, the charge controller will shut off the
charging, unless the charge of the battery drops below a certain point where the charge controller will
trickle charge the battery back to full capacity. The solar panel voltage was taken in order to test the
amount of voltage that the solar panels are outputting at any given time. The expected value for this on
a sunny day would be between 20-22 volts, and during the night anywhere from 0-1 volts depending on
the surrounding lights around the panels. The solar panel voltage is important for the system not only
for power output, but also as an indicator for the charge controller to turn off/on the lights. If the solar
panels are feeding voltage of above 2, the charge controller assumes that the day has begun and the
lights need to turn off. If the solar panel voltage falls below 2, the charge controller assumes that the
night has begun and it will turn on the lights. The charge controller requires constant solar panel voltage
above or below the limits for approximately ten minutes before it will turn off or on the lights to prevent
false readings in times of lighting or shading. Located within this report are the methods and
procedures, data, results, and the conclusions met by the results.
8.2.Methods/Procedures
The below methods and procedures were followed in for the test:
1. The solar tracking system and solar panels were setup on the testing pole made by the
fabrication team (figure1)
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Figure 1. Solar Tracking System
2. The battery was then connected to the charge controller in the positive and negative terminals
(figure 2).
3. The solar panels were connected to the charge controller in the solar panel positive and
negative terminals (figure 2).
4. The light sources were then connected, in parallel, to the charge controller in the light source
positive and negative terminals (figure 2)

Figure 2. Electronic Connections
5. The charge controller had to be set to the appropriate lighting times. The selection chosen was
option 0. This option tells the light source to turn on at dusk and turn off at dawn so that the
light source will be on through the entire night. See charge controller manual for further settings
and setting procedure. (figure 3)
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Figure 3. Charge Controller Light Source Setting
6. With the system fully connected, the testing apparatus, which is connected to the computer for
logging purposes, is connected to its respective terminals for testing. To test the battery voltage,
the positive and negative alligator clips are connected to the respective battery terminals. To
test the solar panel voltage, the positive and negative testing clips are connected to the positive
and negative solar panel energy output wires.
7. DAQ system
a. The DAQ system takes readings of the voltages every minute and displays the data in
graphical format
b. Figure 4 shows how the solar panel connections were made
c. Figure 5 shows the voltage dividers
d. Figure 6 shows how the analog pins connected to the voltage dividers and the ground
pins
e. Figure 7 shows the code that was ran on the Arduino microcontroller
f. After the battery voltage was taken in the same manner, a connection was made on the
terminals to monitor battery voltage.
g. The voltage reading have a resolution of ±0.03 volts
h. THE VOLTAGE READINGS CAN NOT BE TAKEN IN UNISON WHEN WIRED LIKE THIS

Figure
4: solar panel connections
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Figure 5: Voltage Dividers (22k & 4.3k)

Figure 6: analog and ground pin connections
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Figure 7: Arduino DAQ Code
8. CoolTerm
a. An open source free serial port monitoring and transmitting software was downloaded
from the following website: http://freeware.the-meiers.org/
b. After downloaded, timestamps were added to all the data as shown in figure 8
c. In the connections tab capture to text file
i. This will begin capturing all the data that the Arduino is sending out and writing
it to a text file
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Figure 8: Adding Timestamps
9. Excel
a. A data connection is made between the text file and excel to that you can either update
the excel file in real time or you can graph it once the trial is over
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8.3.Data / Results & Discussion

Figure 9: Battery Voltage during the Night and in the Morning

Figure 10: excluded data from the figure 9
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The battery voltage was briefly charged from 2 pm – 5 pm and then it was left with a constant
load of four 3 watt 12 volt LEDs from 5 pm – 10:30 am and finally it was placed back on the charger at

from 10:30 am – 2:30 pm. As shown in the data, the charge controller regulates the amount of power
going to the battery and preventing the overcharging of the battery when the battery reaches 13.3913.42 volts. Some of the data that was not correctly displayed on the graph is shown in figure 10.
Voltage readings were gathered after taking readings from the solar panel while the battery was
connected to the charge controller to show that the battery voltage levels remained the same even
while the solar panel was collecting power. There is a mechanism that prevents overcharging.

Figure 11: Solar Panel Voltage Readings
The solar panel voltage levels were monitored during the hours of 11:30 am – 2:10 pm. The
voltage readings show a healthy increase and decrease in voltage throughout the day fluctuating around
the maximum power output (21.175 VOC “open circuit voltage”) with ranges from 20 – 20.7 volts the
solar panels are proven to be efficient.
Correlating both the solar and battery data, when the battery was connected to the charge
controller after one full night of being drained by four of the 3 watt LEDs (the load which was presented
in the final design) the battery was only depleted by 0.12 volts. It only took roughly 12 minutes to regain
13

Final report
the charge that was lost. This is because the as shown in figure 12, the StarkPower battery being used
has a maximum allowable charge current of 50 amps. Since the solar panels can produce 400 watts of

power, at 12 volts, the solar panels are charging the battery with roughly 33 amps of current. When a
measurement of current draw of the LEDs was taken, the four LEDs only used 0.4 amps an hour this
means, over the course of the test, only 6.8 amps were consumed by the light source. With a current of
33 amps / hour being returned into the battery from the solar panels this would mean the battery would
be returned to full charge within 12.36 minutes theoretically.
8.4.Safety Issues
When running the test, it is essential that safety is of an utmost concern. Whenever dealing with
electricity, there must be careful attention paid to where the positive and negative wires are touching. It
is crucial to avoid electrocution that the positive and negative wires do not touch each other or metals.
If this occurs a shock should be expected resulting in injuries and possible death. Other than
electrocution, trip hazards need to be identified and avoided. With all the wires and components used in
the test, it is very simple to trip over them and fall causing injury. Those are the major safety issues
involved in the solar street lamp testing.
8.5.Conclusion
The battery is more than capable of powering four 3 watt 12 volt LEDs for three full nights
without charging. Theoretically the battery can power the LEDs for 20 full nights without charge before
reaching 80% DOD (depth of discharge) and the battery can be charged to maximum capacity over the
course of one day with favorable weather based upon the results from this trial. Below, in figure 12, is
the functioning solar street lamp system validating the project’s success.

Figure 12. Full System Testing

14

Final report
Members who participated in this project:

Drs. Ji Wu, Shaowen Xu, and Brian L. Vlcek
Major contributions from GSU students: Jeremy Buentello, Charles Brower, Austin Unertl,
Christian Garritty, Robert Sewell, Garrett Dyer, Christopher Evans, Taylor Barker and Dustin
Adams

15

